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INTRODUCTION 


Body  fluid  and  electrolyte  shifts  are  consistent  findings  during  head-out 
immersion  (4,5,10-15,24),  cold  exposure  (11,17,28),  and  under  hyperbaric 
conditions  (6,21,22,25).  The  most  prominent  manifestation  of  these  shifts  is 
an  increase  in  urine  flow,  or  diuresis.  The  diuresis  induced  by  such 
conditions  results  in  a  reduction  of  total  body  water,  primarily  through  a 
decrease  in  plasma  volume  (13).  A  state  of  dehydration  ensues  that 
precipitates  a  decrement  in  work  performance  and  disturbances  in 
thermoregulation  (2,3,7).  The  inability  to  maintain  core  body  temperature 
causes  hypothermia,  which  continues  to  be  a  major  limitation  for  divers  in 
cold  water  (26).  The  triad  of  dehydration,  hypothermia  and  loss  of  work 
capacity  clearly  serve  to  compromise  the  ability  of  U.S.  Navy  divers  to 
successfully  complete  assigned  tasks.  Therefore,  characterizing  fluid  and 
electrolyte  shifts  under  conditions  which  simulate  cold  water  diving  missions 
are  critical  concerns  of  the  U.S.  Navy.  Documenting  the  degree  of  dehydration 
under  simulated  diving  conditions  would  permit  future  development  of 
recommendations  to  counteract  and/or  prevent  the  detrimental  consequences  of 
mission-related  physiologic  changes  during  diving. 

Although  there  is  a  body  of  data  describing  fluid/electrolyte  shifts 
during  headout  immersion  (4,5,10-15,24),  saturation  dives  (6,21,22,25)  and 
cold  air  exposure  (11,17,28),  there  is  a  paucity  of  data  describing  the  extent 
of  such  shifts  during  prolonged  immersion  in  cold  water  for  thermally 
protected  subjects.  Furthermore,  there  are  several  factors  which  artect  an 
individual's  responses  to  cold  water  immersion,  and  these  factors  require 
consideration  for  interpretation  of  results.  For  example,  state  of  hydration 
prior  to  testing  (14),  physical  conditioning  level  (4),  and  body  position 
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during  experiments  (10)  are  ail  factors  which  can  modify  physiologic  responses 
to  immersion. 

In  addition  to  the  factors  mentioned  above,  there  is  also  evidence  that 
the  ability  to  tolerate  a  cold  environment  is  related  to  prior  dietary  intake 
(16,19,20).  Cold  studies  have  been  conducted  in  the  fasted  state,  and  it  has 
been  clearly  demonstrated  that  such  conditions  favor  cold  intolerance  (19,20). 
It  has  been  suggested  that  normal  carbohydrate  metabolism  is  necessary  for 
maintenance  of  body  temperature  (20).  In  particular,  the  availability  of 
glycogen  reserves  has  been  shown  to  improve  cold  tolerance,  and  levels  of 
glycogen  reserves  may  be  essential  determinants  of  the  intensity  of  the 
hypothermic  response  to  cold  challenges  (20).  Hence,  prior  dietary  intake  of 
carbohydrates  (CHO)  may  effect  the  extent  of  cold-  and  immersion-induced 
diuresis.  Hydration  status,  dietary  intake,  and  the  aforementioned  factors 
were  not  always  controlled  for  or  characterized  during  earlier  experiments, 
and  differences  in  methodologies  render  generalization  of  previous  results  to 
mission  scenarios  difficult. 

The  present  study  was  conducted  to  determine  the  extent  of  fluid  and 
electrolyte  losses  during  prolonged  cold  water  exposure  at  a  depth  of  6.1  msw 
under  conditions  in  which  hydration  and  conditioning  level  were  similar  in  all 
subjects.  Dietary  intakes  of  all  subjects  were  controlled  to  minimize 
dietary-induced  differences.  U.S.  Navy  divers  were  studied  to  answer  the 
following  questions:  1)  Is  diving  in  passive  thermal  protection  suits 
associated  with  fluid  and  electrolyte  shifts  equivalent  to  shifts  noted  for 
thermally  unprotected  subjects?  2)  Does  the  time  of  day  (AM  versus  PM)  affect 
fluid/electrolyte  changes?  3)  Does  intake  of  a  high  CHO  diet  prior  to 
exposure  alter  diving-induced  changes  as  compared  to  a  standard  American  mixed 
diet? 
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MATERIALS  AND  METHODS 


The  present  study  was  conducted  in  the  Summer  of  1986  at  the  Diving 
Medicine  Department,  Naval  Medical  Research  Institute.  Technical  details  of 
the  project  have  been  previously  described  (9).  A  brief  summary  follows. 

After  giving  informed  consent  16  U.S.  Navy  divers  each  parcicipated  in  two 
5-day  air  saturation  dives  (ASD)  in  a  hyperbaric  chamber  maintained  at  6.1  msw 
(20  fsw) .  A  team  of  4  divers  participated  in  each  ASD.  During  one  ASD  series 
a  high  CHO  diet  was  consumed,  and  during  the  other  ASD  series  a  standard  mixed 
American  diet  was  provided.  A  period  of  9  days  separated  the  two  ASD  series. 

During  each  ASD  series  the  4  divers  participated  in  two  whole  body 
immersion  studies  in  water  maintained  at  a  temperature  of  5.0  ±  0.1  °C;  2 
divers  were  immersed  at  the  same  time.  The  immersions,  which  were  scheduled 
to  last  6  h,  were  conducted  while  the  divers  were  equipped  with  full  face 
masks  and  dry  suits  for  passive  thermal  protection  (mean  suit  insulation  =1.4 
clo).  Immersions  began  at  either  1000  hours  (AM)  or  at  2200  hours  (PM)  with  a 
period  of  54  h  separating  the  two  immersions.  The  order  of  the  AM  and  PM 
immersions  was  reversed  for  each  of  the  two  ASD  series  to  minimize  order 
effects.  The  ASD  began  at  0700  when  the  AM  immersions  were  scheduled  first, 
and  at  1300  when  the  PM  immersions  were  scheduled  first.  Whiie  in  the  chamber 
physical  activity  was  restricted,  and  sleep  hours  of  2200  -  0600  were  enforced 
except  during  the  PM  immersion.  No  sleep  periods  were  instituted  prior  to  the 
PM  immersions. 

During  each  immersion  the  divers  pedalled  on  a  bicycle  ergometer  at  50 
revolutions  per  minute  for  3  min  at  each  of  three  workloads  (50,  70,  and  90 
watts) .  One  group  (n=8)  performed  the  exercise  every  hour  during  the 
immersion,  and  another  group  of  8  divers  exercised  only  every  3  h,  at  the 
third  and  sixth  hours  of  immersiou.  The  immersions  were  scheduled  to  last 
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6  h,  but  immersions  were  terminated  earlier  if  equipment  malfunctioned, 
medical  problems  arose,  core  temperature  dropped  below  35  °C,  or  if  the  diver 
chose  voluntary  termination.  Upon  completion  or  termination  of  the  immersion, 
divers  were  rewarmed  passively  until  their  core  temperature  returned  to  within 
0.5  °C  of  baseline. 

Dietary  regimens  and  assessment. 

Two  different  diets  were  served  to  the  divers.  For  the  first  ASD  series, 
a  high  carbohydrate  diet  (HCD)  was  provided,  and  during  the  second  series  a 
standard  mixed  American  diet  (HD)  was  consumed.  Both  diets  provided 
approximately  3,000  calories  per  day,  but  the  percent  of  calories  derived  from 
CHO  and  fat  differed  (Table  1).  Despite  attempts  to  construct  diets  providing 
similar  amounts  of  essential  nutrients,  some  differences  between  the  two  diets 
were  noted  (Table  2).  Compared  to  the  Recommended  Dietary  Allowances  (RDA) , 
the  MD  was  low  in  zinc,  copper,  and  vitamin  B6,  while  the  HCD  was  only 
slightly  low  in  zinc.  The  MD  was  also  higher  in  cholesterol  as  compared  to 
the  HCD. 

Meals  were  provided  3  h  before  the  start  of  immersions.  On  AM  immersion 
days  subjects  undergoing  the  immersion  were  not  served  lunch,  but  dinners  were 
augmented  to  provide  3,000  kcal.  On  PM  immersion  days  three  regularly  spaced 
meals  were  provided.  Subjects  were  allowed  free  access  to  water, 
non-caf feinated  diet  sodas,  and  decaffeinated  tea  and  coffee.  Ingestion  of 
fluids  was  encouraged.  After  completing  the  immersion,  16  oz  of  warm  apple  or 
cranberry  juice  was  provided  during  the  rewarming  period. 

For  3  days  prior  to  the  ASD  series,  divers  were  instructed  to  follow  a 
dietary  rejimen  similar  to  the  one  they  would  be  served  in  the  chamber. 
Thorough  instructions  were  given,  and  detailed  3-day  dietary  records  were 
completed  by  each  diver  prior  to  entering  the  chamber.  The  dietary  records 
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were  used  to  document  compliance  with  dietary  recommendations.  However,  as 
indicated  in  Table  1,  evaluations  of  dietary  intakes  over  the  weekend  before 
the  HCD  diet  indicated  that  their  diet  was  not  high  in  CHO.  Because  intakes 
over  each  weekend  before  the  ASD  were  not  significantly  different,  nutrient 
intakes  from  the  diet  records  were  pooled;  they  are  referred  to  as  control 
diets  (CD) . 

Urine  and  blood  collections. 

Blood  samples  were  collected  on  2  different  days  prior  to  participating 
in  the  ASD.  One  sample  was  obtained  at  0700  in  the  fasting  state,  and  the 
second  at  1600  on  another  day  (4  h  after  lunch) .  These  samples  were 
considered  control  values  and  were  also  used  to  delineate  differences  due  to 
diurnal  rhythms.  One  24  h  control  urine  collection  was  also  completed  prior 
to  the  ASD  series  under  free-living  conditions. 

Klood  samples  were  obtained  on  several  occasions  during  each  ASD  series: 
1)  in  the  fasting  state  at  0700  on  day  one  of  each  ASD  series  prior  to 
entering  the  hyperbaric  chamber,  2)  30  min  before  each  AM  and  PM  immersion,  3) 
15  min  upon  completion  of  each  AM  and  PM  immersion.  Twenty-four  hour  urine 
collections  were  obtained  for  each  immersion  day  in  three  separate  collection 
periods.  For  the  AM  immersion,  the  first  collection  was  begun  at  2200  the 
evening  before  the  immersion  and  continued  until  the  immersion  began  at  1000 
the  next  day.  The  second  period  was  during  the  immersion.  Details  of  this 
collection  procedure  have  been  previously  described  (9),  but  in  brief,  the 
divers  wore  condom  catheters  connected  to  urine  collection  bags.  The  third 
period  began  immediately  at  the  end  of  immersion  until  2200.  In  contrast,  the 
first  PM  immersion  collection  period  began  at  1000  on  the  day  of  the  immersion 
and  continued  until  the  exposure  began  at  2200.  The  second  period  was  during 
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the  immersion;  the  third  period  began  at  the  end  of  the  immersion  and 
continued  until  1000  the  next  day. 

Sample  processing  and  biochemical  analyses. 

Blood  samples  (25  ml)  were  drawn  from  an  antecubital  vein  with  minimum 
stasis.  Each  sample  was  divided  into  three  tubes:  1)  chilled  tube  containing 
lithium-heparin,  2)  EDTA  tube  for  hematocrit  (Hct) ,  hemoglobin  (Hb) ,  and 
complete  blood  counts,  and  3)  plain  tube  for  serum  osmolality  (Osm) ,  sodium 
(Na) ,  potassium  (K) ,  chloride  (Cl),  inorganic  phosphate  (Pi),  creatinine  (Cr), 
total  protein  (TP)  and  albumin  (ALB) .  The  total  urine  volume  (V)  for  each 
collection  period  was  carefully  recorded,  and  urine  samples  were  analyzed  for 
Cr,  osmolality,  Na,  and  K. 

Serum  and  urine  Osm  was  measured  by  the  freezing  point  method.  Urinary 
Na  and  K  were  measured  with  a  Radiometer  Na/K  analyzer.  Urinary  Cr,  and  serum 
Na,  K,  Cl,  Pi,  Cr,  TP  and  ALB  were  determined  with  a  Technicon  AutoAnalyzer  by 
a  clinical  laboratory.  Blood  Hb  was  determined  by  the  cyanomethemoglobin 
method  (Coulter  Hemoglobinometer)  and  Hct  was  determined  by  centrifugation. 

All  samples  were  measured  in  triplicate,  with  coefficients  of  variation  for 
all  methods  less  than  5%. 

Calculations. 

Blood  volume  before  the  immersion  (BV1)  was  estimated  from  height  (in 
meters)  and  weight  (in  kg)  as  described  by  Allen  et  al.  (1)  according  to  the 
following  equation: 

BVl  (liters)  =  0.417  •  HT3  +  0.045  •  WT  -  0.03 
Blood  volume  after  the  immersion  (BV2)  was  estimated  from  pre-  and  post¬ 
immersion  Hb  (Hbl  and  Hb2,  respectively)  and  BVl  as  described  by  Dill  and 
Costill  (8)  using  the  formula  below: 

BV2  =  BVl  •  Hbl /Hb2 
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Pre-  and  post-immersion  plasma  volumes  (PV1  and  PV2)  were  calculated  from  BV 
and  Hct  values  as  follows: 

PV1  =  BV1  •  (100  -  Hctl) / 100  and  PV2  =  BV2  •  (100  -  Hct2)/100 
The  percent  change  in  plasma  volume  (%CPV)  from  pre-  to  post-immersion  was 
calculated  according  to  the  following  equation: 

%CPV  =  100  •  (PV2-PV1) /PV1 

Total  content  of  blood  constituents  was  calculated  from  plasma  volumes  and 
serum  concentrations  of  the  specific  constituents  pre-  and  post-immersions. 

The  rate  of  urine  flow  (VU)  in  ml/min  was  calculated  by  dividing  the  total 
urine  V  collected  for  the  designated  period  by  the  total  time  of  the  collection 
period.  Glomerular  filtration  rate  (GFR)  was  estimated  by  endogenous  Cr 
clearance  (CCr)  according  to  the  following  equation: 

CCr  (ml/min)  =  (Urine  Cr  •  Urine  V) /Serum  Cr 
Clearance  (C)  rates  for  other  solutes  in  ml/min  were  calculated  similarly  for 
both  pre-  and  post-immersion  time  periods.  Free  water  clearance  (CH20)  was 
calculated  as: 

CH20  =  COsm  -  VU 

Total  24  h  urinary  excretion  of  electrolytes  was  calculated  by  summing  the 
total  amount  excreted  during  each  of  the  three  collection  periods. 

Statistical  analyses. 

The  computer  package  SAS  was  used  for  all  statistical  analyses  (23). 

Data  were  analyzed  as  a  2  x  2  x  2  factorial  with  repeated  measures  by 
multivariate  AN0VA.  When  significant  main  effects  were  detected,  Duncan's 
comparison  procedure  was  used  to  determine  differences  between  treatment 
means.  Data  are  expressed  as  mean  ±  standard  error  (SEM)  or  ±  standard 
deviation  (SD).  Standard  correlation  and  regression  techniques  were  used  to 


7 


identify  associations  among  variables.  The  level  of  significance  was  set  at 
0.05. 

RESULTS 

As  presented  in  Table  3,  the  divers  were  lean  and  in  above  average 
physical  condition.  Of  the  6A  immersions,  27  lasted  6  h.  Mean  exposure  times 
for  all  exposures  were  299  ±  79  minutes  for  AM  and  275  ±  86  for  PM  immersions. 
Seven  immersions  lasted  less  than  3  h  and  provided  insufficient  information 
for  comparisons  to  prolonged  immersions.  Data  from  these  shorter  immersions 
were  therefore  excluded  from  the  analyses  presented  herein.  Thus,  the  data 
presented  are  only  for  the  57  immersions  which  lasted  over  3  h.  Mean  exposure 
times  for  these  immersions  were  317  ±  12  min  for  AM  (n=29)  and  304  ±  12  min 
(n=28)  for  PM  immersions.  Rectal  temperature  decreased  1.03  i  0.1  "C  and  1.3 
±  0.1  °C  during  the  AM  and  PM  immersions,  respectively,  with  a  significantly 
greater  drop  observed  during  the  PM  (P  <  0.01).  There  were  no  significant 
differences  in  the  decline  in  core  temperature  between  the  two  exercise 
groups. 

Dietary  effects. 

Although  on  the  weekend  prior  to  the  ASD  series  in  which  the  HCD  was 
provided  the  subjects  did  not  consume  a  high  carbohydrate  diet,  there  were  no 
differences  between  the  first  and  second  immersions.  Thus,  their  failure  to 
comply  with  dietary  instructions  did  not  alter  the  results.  In  general, 
analysis  of  the  data  for  dietary  effects  yielded  primarily  negative  results. 
The  only  statistically  significant  differences  detected  were  in  total  urinary 
excretion  of  K.  Urinary  excretion  of  K  over  the  entire  24  h  collection 
periods  was  significantly  higher  on  immersion  days  when  the  HCD  was  consumed 
(119.4  ±  10.3  mEq/day)  as  compared  when  the  MD  (92.5  ±  6.2  mEq/day)  or  CD 
(66.3  ±  3.8  mEq/day)  was  consumed.  These  differences  could  be  attributed  to 
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differences  in  dietary  intake  rather  than  immersion  since  there  were 
significant  differences  in  K  intake  among  the  diets  (HCD:  180  mEq/day;  MD: 
136.4  mEq/day;  BMD:  70.4  mEq/day  and  BHCD:  84.8  mEq/day).  Because  there  were 
no  differences  in  the  response  to  immersion  on  the  experimental  diets,  the 
results  for  the  two  diets  were  pooled. 

Blood  volume  changes. 

Post-immersion  Hct  and  Hb  increased  significantly  from  pre- immersion 
values  (Table  4)  indicating  a  decrease  in  blood  volume.  Decreases  in  blood 
volume  of  11.7  ±  0.9%  and  10.3  ±  0.9%  were  noted  for  the  AM  and  PM  immersions, 
respectively.  The  change  in  blood  volume  was  due  almost  entirely  to  a 
decrease  in  plasma  volume,  with  decreases  of  17.3  ±  1.1%  and  16.9  ±  1.3% 
calculated  for  the  AM  and  PM  immersions,  respectively.  Estimated  losses  of 
plasma  volume  were  564.1  ±  38.6  and  567.2  ±  47.9  ml,  for  the  AM  and  PM 
immersions,  respectively.  These  losses  were  associated  with  immersion  induced 
urine  volume  losses  of  478.4  ±  197.2  (AM)  and  521.8  ±  113.1  ml  (PM).  The 
correlation  between  loss  of  plasma  volume  and  exposure  time  for  all  subjects 
was  significant  (Figure  1,  r  =  0.417,  p  <  =  0.001).  Changes  in  plasma  volume 
were  not  related  to  the  drop  in  core  temperature  (r  =  -0.08;  P  =  0.58). 

Although  post-immersion  red  blood  cell  counts  (RBC)  were  significantly 
higher  than  pre-immersion  counts,  this  change  was  due  to  the  decrease  in 
plasma  volume  rather  than  a  true  increase  in  cell  number.  Post-immersion  cell 
volumes  were  98.1  ±  8.1%  and  100.5  ±  6.1%  of  pre-immersion  cell  volumes  for  AM 
and  PM  immersions,  respectively.  No  significant  differences  were  detected  for 
any  of  the  hematologic  data  as  a  function  of  time  of  day. 

Serum  constituents. 

Concentrations  of  constituents  in  serum  pre-  and  post-immersion  are 
presented  in  Table  5.  There  were  no  significant  changes  in  the  concentrations 
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of  serum  Na,  Cl  or  Osm,  but  a  significant  increase  in  Pi-  and  decrease  in  K 
were  noted.  Also  included  in  Table  5  are  the  concentrations  one  would  expect 
to  observe  as  a  result  of  the  decrease  in  plasma  volume  alone  (expected 
concentration) .  The  expected  value  is  what  the  concentration  in  serum  would 
have  been  if  there  had  been  no  net  gain  or  loss  in  total  serum  content  of  the 
specific  constituent.  Differences  between  the  post-immersion  concentration 
and  the  expected  concentration  indicate  the  net  change  in  total  serum  content. 
While  there  was  no  significant  net  loss  of  Pi  or  protein  (data  not  shown),  a 
net  loss  of  Na,  K,  and  Cl  was  observed,  the  magnitudes  of  which  were  similar 
for  AM  and  PM  immersions.  The  average  losses  during  each  immersion  were  74.5 
±  4.4,  60.6  ±  3.5  and  3.0  ±  0.2  mEq,  for  Na,  K,  and  Cl,  respectively. 
Individual  correlation  coefficients  for  loss  of  serum  Na,  K  and  Cl  content 
with  loss  of  plasma  volume  were  C.95,  0.65,  and  0.96,  respectively  (all  P  < 
0.001). 

Urine  volume  and  constituents. 

Significant  diurnal  differences  in  urine  V  and  VU  were  noted,  with 
pre-immersion  V  and  VU  significantly  greater  during  the  PM  collection  period 
(1000  -  2200  hrs:  V:  1.63  t  0.2  L;  VU:  2.35  ±  0.28  ml/min;  mean  ±  SEM)  as 
compared  to  the  AM  collection  period  (2200  -  1000  hrs:  V:  0.820  ±  0.07  L;  VU: 
1.14  ±  0.10  ml/min).  Thus,  pre-immersion  urine  flow  was  greater  during  the 
day.  Similarly,  V  and  VU  during  immersion  were  significantly  higher  during  AM 
(V:  1.26  ±  0.13  L;  VU:  4.12  +  0.43  ml/min)  as  compared  to  during  PM  (V:  0.928 
±  0.135  L;  VU:  2.96  t  0.36  ml/min)  immersions.  Figure  2A  compares  VU  over  the 
24  h  collection  period  around  AM  and  PM  immersion.  Flow  rates  during  AM 
immersions  were  significantly  greater  than  pre- immersion  values  for  AM 
immersions  only.  AM  immersion  increased  flow  by  3.21  ±  0.47  ml/min  whereas  PM 
immersion  increased  flow  only  0.55  ±  0.48  ml/min. 
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A. 


AM  IMMERSION  PM  IMMERSION 


Figure  2.  Rate  of  urine  flow  for  AM  and  PM  immersions  days.  Panel  A:  Before 
immersion  collection  periods  (solid  bars)  were  2200  to  1000  hours 
for  AM  and  from  1000  to  2200  hours  for  PM  immersions.  During 
immersion  collection  periods  (hatched  bars)  were  from  start  of 
immersion  until  the  end  of  immersion,  and  after  immersion 
collection  periods  (open  bars)  were  from  the  end  of  immersion  until 
2200  for  AM  and  until  1000  for  PM  immersions.  Panel  B:  Before 
immersion  collection  periods  (solid  bars)  were  from  1000  to  2200 
hours  for  AM  and  from  2200  to  1000  hours  for  PM  immersions.  During 
immersion  (hatched  bars)  and  after  immersion  (open  bars)  collection 
periods  were  as  described  in  Panel  A. 
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In  contrast,  if  pre-immersion  urine  flow  rates  obtained  during  the 
daytime  are  compared  to  flow  rates  during  daytime  (AM)  immersions  (2.35  ±  0.28 
vs  4.12  ±  0.43  ml/min)  and  pre-immersion  flow  rates  during  the  nighttime  are 
compared  to  flow  rates  during  nighttime  (PM)  immersions  (1.14  ±  0.10  vs  2.96  ± 
0.36  ml/min),  a  different  pattern  emerged.  Figure  2B  illustrates  that  the 
magnitude  of  the  increase  from  pre-  to  during  immersion  was  similar  for  AM  and 
PM,  with  increases  of  1.75  ±  0.58  and  1.83  ±  0.40  ml/min,  respectively.  Urine 
flow  decreased  significantly  after  all  immersions  regardless  of  time  of  day, 
and  in  seven  divers  no  urine  was  produced.  Because  VU  during  the  day  were 
higher  than  during  the  night,  rates  averaged  over  the  entire  24  h  period  were 
significantly  higher  on  PM  immersion  days  as  compared  to  AM  immersion  and 
non-diving  control  days.  Flow  rates  over  the  24  h  periods  averaged  1.36  ± 
0.25,  1.64  ±  0.10,  and  2.08  ±  0.24  ml/min  for  control,  non-dive  days  and  AM 
and  PM  immersion  days,  respectively.  Similarly,  mean  total  urine  volumes  over 
the  24  h  periods  were  significantly  higher  around  PM  immersion  days  as 
compared  to  AM  immersions  and  control,  non-dive  days  (Figure  3).  The 
correlation  between  loss  of  plasma  volume  and  urine  volume  produced  during  the 
immersions  was  0.408  (P  <  0.01). 

Total  urinary  excretion  of  Na  and  K  over  the  24  h  collection  periods  is 
presented  in  Figure  4.  No  significant  differences  in  Na  excretion  were  noted 
for  control,  non-dive  days  and  immersion  days.  In  contrast,  total  urinary  K 
excretion  was  significantly  greater  on  immersion  days  as  compared  to  control, 
non-dive  days.  Urinary  excretion  rates  for  Na  and  K  before,  during  and  after 
the  immersions  are  presented  in  Figure  5A  and  B.  Excretion  of  Na  increased 
significantly  during  both  AM  and  PM  immersions,  and  no  significant  diurnal 
differences  were  noted.  Similar  rates  of  excretion  were  noted  during  both  AM 
and  PM  immersions.  Diurnal  differences  in  pre-immersion  excretion  were  noted 
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Figure  A.  Total  2A  h  excretion  of  sodium  and  potassium  on  control,  non-dive 
days  (C  -  hatched  bars) ,  and  on  AM  (open  bars)  and  PM  (solid  bars) 
immersion  days. 
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AM  IMMERSION  PM  IMMERSION 


Figure  5.  Urinary  excretion  rates  for  sodium  (Panel  A)  and  potassium  (Panel 
B)  before,  during,  and  after  AM  and  PM  immersions.  See  legend  for 
Figure  1  Panel  A  for  details  describing  periods  of  collection  for 
urinary  flow  rates. 
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for  K,  with  excretion  greater  during  the  day  than  during  the  night.  In 
addition,  excretion  of  K  was  significantly  higher  during  AM  than  PM 
immersions. 

Selected  clearance  rates  and  fractional  excretion  of  Na  and  K  are 

presented  in  Table  6.  While  both  C  and  C  increased  during  immersion, 

cr 

these  values  were  not  significantly  different  from  pre-immersion  values  due  to 

the  large  variability.  Thus,  there  was  no  significant  immersion-induced 

increase  in  GFR  or  free  water  excretion.  During  immersion  C  increased 

osm 

significantly  for  AM,  but  not  PM  exposures.  For  Na  and  K,  greater  increases 
occurred  during  AM  immersions  as  compared  to  PM  immersions.  However, 
differences  in  AM  and  PM  immersions  were  partially  due  to  differences  between 
pre-immersion  clearance  rates.  When  pre-immersion  clearance  rates  were 
compared  to  during  immersion  clearance  rates  obtained  during  the  same  time 
periods,  the  magnitude  of  change  from  pre-immersion  to  during  immersion  was 
similar  for  both  AM  and  PM  immersions.  Diurnal  differences  were  also  noted 
for  clearance  of  K,  with  pre-immersion  clearance  rates  significantly  lower 
during  the  night  (9.71  1  0.96  ml/min)  as  compared  to  during  the  day  (18.95  ± 
1.73  ml/min).  Similarly,  immersion  clearance  rates  were  significantly 
attenuated  during  PM  immersions.  Finally,  when  clearance  rates  for  Na  and  K 
were  expressed  as  ratios  to  creatinine  clearance  to  estimate  fractional 
excretion  of  the  ions,  differences  between  pre-  and  during  immersion  were  not 
statistically  significant  (Table  6). 

DISCUSSION 

As  early  as  1945  it  was  suggested  that  dehydration  may  accompany  exposure 
of  man  to  cold  (11).  When  man  is  exposed  to  cold  air,  a  diuresis  commences 
within  the  first  30  min;  this  diuresis  is  associated  with  an  increase  in 
solute  excretion  and  loss  of  plasma  volume  (11).  In  particular,  there  are 
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reported  increases  in  the  urinary  excretion  of  Na,  K,  Cl  and  Pi  (11).  A 
similar  diuresis  accompanies  head-out  immersion  in  thermoneutral  water  (10). 

The  results  of  the  present  study  provide  the  evidence  that  when  men  in  thermal 
protective  gear  undergo  whole  body  immersion  in  cold  water  for  extended 
periods,  there  is  a  diuresis,  natriuresis,  kaliuresis,  and  significant  decrease 
in  plasma  volume.  Further,  there  are  diurnal  variations  in  the  responses. 

Fluid  exchange  and  fluid  balance  during  head-out  immersion  have  been 
studied  in  detail;  a  profound  diuresis,  natriuresis,  and  kaliuresis  are  common 
observations  (4,10,13).  Urine  flow  rates  have  been  shown  to  increase  from 
pre-immersion  values  of  approximately  0.5  ml/min  up  to  6  ml/min  during 
head-out  immersions  lasting  4-8  h  in  thermoneutral  water  (13).  An  increase  in 
the  urinary  excretion  of  Na  and  K  accompanies  the  increase  in  urine  flow,  with 
changes  from  pre-immersion  values  of  around  30  and  80  mEq/min  for  K  and  Na, 
respectively,  to  values  of  over  60  and  300  mEq/min  during  immersions  lasting 
4-8  h  (13). 

Despite  differences  in  the  experimental  designs  and  treatments,  these 
literature  values  are  in  line  with  those  from  the  present  study  where  pre¬ 
immersion  excretion  of  K  and  Na  was  85.1  ±  7.6  and  132.9  ±  11.8  mEq/min, 
respectively.  During  immersions  lasting  3-6  h,  excretion  rose  to  159.8  ±  19.6 
and  288.4  ±6.1  mEq/min.  The  similarity  between  reported  literature  values 
and  the  results  of  this  study  suggest  that  the  immersion  rather  than  the  cold 
may  be  the  primary  stimulus  for  the  observed  fluid/electrolyte  shifts  during 
immersion  in  cold  water.  However,  further  studies  are  required  to  confirm 
this  possibility. 

Differences  between  responses  to  head-out  immersion  conducted  during  the 
day  and  the  night  have  been  compared  previously.  Krishna  and  Danovitch  (15), 
and  Shiraki  et  al.  (24)  noted  that  the  rate  of  urine  flow  during  nighttime 
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immersion  was  significantly  lower  than  flow  during  daytime  immersion,  and 
urinary  excretion  of  K  and  Na  was  blunted  at  night.  The  results  of  the 
present  study  with  whole  body  immersion  in  cold  water  are  similar  to  their 
results,  and  support  their  findings  of  diurnal  differences  in  urine  flow  and  K 
excretion.  However,  no  attenuation  in  Na  excretion  during  the  PM  immersions 
was  noted  in  the  present  study.  Despite  an  attenuation  in  the  excretion  of  K 
during  PM  immersions,  total  urinary  K  excretion  over  the  entire  24  h 
collection  period  was  increased  on  immersion  days  as  compared  to  control  days. 

Data  on  total  urinary  excretion  of  solutes  are  limited,  but  Neuman  et  al. 
(22)  reported  that  daily  excretion  of  Na  was  unchanged  while  K  excretion  was 
significantly  elevated  during  open-sea  saturation  diving  at  850  fsw.  This 
finding  is  consistent  with  the  present  study.  Thus,  there  may  be  a  kaliuresis 
associated  with  living  at  increased  depths.  Alternatively,  it  is  possible 
that  the  greater  excretion  on  immersion  days  was  due  to  the  higher  intake  of  K 
while  in  the  chamber.  Neuman  et  al.  did  not  report  dietary  K  intake,  but 
intake  of  K  during  the  present  study  supports  this  possibility.  However, 
because  the  control,  non-dive  day  24  h  urine  collections  were  not  conducted  on 
the  same  day  they  recorded  their  dietary  intakes,  this  possibility  cannot  be 
confirmed.  The  results  of  the  present  study  indicate  that  K.  excretion  should 
be  monitored  on  several  non-immersion  and  immersion  days  under  constant 
dietary  intake  of  K  to  determine  whether  immersion  has  a  significant  impact  on 
the  magnitude  of  the  total  urinary  K  loss. 

Changes  in  plasma  volume  have  also  been  documented  during  head-out 
immersion,  but  the  extent  of  the  change  is  controversial  (4,10,12-14,27).  In 
this  study,  there  was  a  marked  decline  in  plasma  volume  regardless  of  time  of 
day,  with  losses  of  around  17%  noted.  Some  investigators  (13)  have  reported 
declines  of  up  to  15%  for  head-out  immersion,  whereas  others  have  reported  no 
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change  (14).  Differences  between  studies  may  be  due  to  variables  such  as  body 
position,  Na  intake  and  hydration  status.  For  example,  when  subjects  are 
dehydrated  prior  to  immersion,  the  diuresis  and  loss  of  plasma  volume  appear 
to  be  attenuated,  or  even  abolished,  while  the  natriuresis  is  maintained 
(14,27). 

In  the  present  study,  the  loss  of  plasma  volume  was  related  to  the 
magnitude  of  the  immersion-induced  diuresis,  but  urinary  loss  could  not 
account  for  all  of  the  volume  lost.  Other  potential  routes  of  fluid  loss 
include  respiratory  water  loss  and  sweat  loss.  There  may  have  been  sweat 
losses  when  the  divers  put  on  their  thermal  protection  attire,  which  took 
place  after  the  blood  had  been  drawn.  Alternatively,  there  may  have  been  an 
increase  in  the  intracellular  fluid  during  immersion.  Such  a  phenomenon  has 
been  reported  during  exercise  (18)  and  cold  air  exposure  (17).  Finally,  the 
assumptions  on  which  the  formulas  for  estimating  change  in  plasma  volume  were 
based  may  not  be  valid  for  immersion  in  cold  water.  Further  study  would  be 
required  to  make  this  determination. 

Although  water  and  electrolyte  exchange  during  exposure  to  cold  air  has 
been  extensively  studied,  limited  attention  has  focused  on  fluid/electrolyte 
shifts  during  cold  water  immersion  for  prolonged  periods.  Young  et  al.  (28) 
recently  compared  90  minutes  of  exposure  to  cold  air  (Tambient  =  5  °C,  rh  = 
30%)  with  head-out  immersion  in  cold  water  (Twater  =  18  °C) ,  with  a  greater 
diuresis  noted  during  cold  water  immersion.  The  increase  in  urinary  flow  rate 
above  pre-immersion  values  during  their  cold  water  immersion  study  was  similar 
to  values  found  In  the  present  study.  These  investigators  also  monitored  Na 
and  K  excretion  during  cold  water  immersion,  and  found  that  urinary  Na 
increased  from  90  to  280  mEq/min,  and  urinary  K  from  40  to  130  mEq/min.  These 
values  are  also  similar  to  those  noted  for  AM  immersion  values  in  the  present 
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study.  The  rates  of  increase  for  Na  and  K  clearance  on  AM  immersion  days  for 
the  present  study  were  also  comparable  to  their  values.  Furthermore,  Young 
et  al.  (28)  noted  a  16.6%  loss  in  plasma  volume,  similar  to  our  value  of 
17.1%. 

Although  the  findings  of  Young  et  al.  (28)  were  similar  to  those  of  this 
study  were  differences  in  the  experimental  conditions.  The  water  temperature 
in  their  study  was  only  18  °C  and  immersion  time  was  only  90  min  as  compared 
to  5  °C  water  and  immersions  over  3  h  in  duration  for  the  present  study. 
Further,  their  subjects  were  wearing  only  bathing  suits,  whereas  subjects  in 
this  study  were  wearing  thermal  protection  garments.  Under  the  experimental 
conditions  of  their  study,  a  0.79  °C  decline  in  rectal  temperature  was  noted 
in  the  subjects  over  a  90  min  period  (0.53  °C/hr) ,  as  compared  to  a  mean  drop 
of  1.17  ±  0.07  °C  for  our  subjects  over  a  310  min  period  (0.23  ±  0.02  °C/hr). 
Thus,  while  immersion  per  se  caused  the  same  degree  of  fluid  and  solute  loss, 
the  rate  of  change  in  core  temperature  may  be  important  in  regulating  the  time 
over  which  such  changes  occur.  This  concept  is  supported  by  earlier  work 
wherein  the  diuresis  induced  by  exposure  to  cold  air  occurred  more  rapidly  as 
the  temperature  was  lowered  (17).  However,  the  drop  in  core  temperature 
observed  in  the  present  study  was  not  related  to  any  of  the  observed  changes 
in  Na,  K,  or  loss  of  plasma  volume.  Further  investigation  is  needed  to 
precisely  document  interactions  between  the  magnitude  of  fluid  and  electrolyte 
changes  with  water  temperature,  thermal  protection,  and  the  rate  of  change  in 
body  heat  content. 

Although  no  differences  were  noted  between  the  HCD  and  MD,  these  findings 
do  not  negate  potential  advantages  for  feeding  carbohydrate  diets.  Previous 
research  strongly  suggests  that  the  availability  of  glycogen  stores  is 
requisite  to  the  maintenance  of  core  temperature  via  shivering  thermogenesis 
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(16,19,20).  Theoretically,  glycogen  stores  should  have  been  greater  during 
the  HCD  than  during  the  MD.  However,  explanations  can  be  offered  as  to  why 
the  two  diets  did  not  produce  different  results  in  our  study.  First,  the 
divers  were  wearing  thermal  protective  attire  and  rapid  drops  in  core 
temperature  were  not  seen.  Second,  there  was  infrequent  shivering,  which  is 
known  to  depend  on  glycogen.  Third,  the  thermogenic  effect  of  periodic,  light 
exercise  might  have  lessened  the  need  to  shiver.  Finally,  it  is  unlikely  that 
the  intensity  of  the  exercise  performed  during  the  immersions  would  have 
depleted  glycogen  stores  with  either  diet.  This  is  supported  by  the  finding 
that  peak  0^  consumption  during  the  exercise  was,  at  most,  70%  of  maximal 
capacity.  Further,  post-immersion  lactates  were  only  2.13  ±  0.21  and  1.80  ± 
0.18  mM  as  compared  to  pre-immersion  values  of  1.39  ±  0.05  and  1.28  ±  0.07  mM, 
for  AM  and  PM  immersions,  respectively.  Thus,  the  conditions  of  the 
experiment  were  such  that  glycogen  stores  were  probably  adequate,  and  no 
specific  dietary  effects  would  be  observed.  Whether  an  HCD  would  be 
protective  in  the  absence  of  thermal  protection  attire,  in  the  presence  of 
more  rapid  cooling,  or  with  more  vigorous  exercise  will  require  further 
investigation. 

The  results  of  this  study  indicate  that  plasma  volume  decreases  and 
electrolyte  excretion  increases  during  prolonged  underwater  immersion  in  cold 
water  despite  thermal  protection.  The  apparent  extent  of  dehydration  and  loss 
of  Na  is  similar  during  AM  and  PM  immersions,  whereas  there  are  AM  and  PM 
differences  in  urine  flow  and  excretion  of  K.  Total  urinary  volume  losses 
over  the  24  h  periods  were  significantly  higher  when  immersions  were  conducted 
during  the  night.  Although  this  particular  aspect  might  be  controlled  if 
sleep  patterns  were  modified,  it  is  unlikely  that  such  schedules  would  be 
feasible  during  missions.  Thus,  it  appears  that  emphasis  should  focus  on 
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electrolyte  and  hydration  status  both  before  and  after  immersions  to  protect 
divers  from  the  potentially  detrimental  consequences  associated  with 
dehydration  and  hypothermia.  In  addition,  although  a  nocturnal  diuresis  has 
been  reported  at  great  depths  (25)  ,  which  might  impose  additional 
complications  during  extended  cold  water  immersion,  this  phenomenon  was  not 
observed  at  6.1  msw.  Finally,  fluid  and  electrolyte  replacement  during 
immersion  needs  to  be  examined  to  determine  whether  the  detrimental  effects  of 
dehydration  can  be  avoided. 
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Table  1.  Comparison  of  calories  and  percent  of  total  calories  derived  from 

protein,  fat  and  carbohydrate  for  divers  during  the  ASD  for  the  high 
carbohydrate  diet  (HCD)  and  the  standard  American  mixed  diet  (MD) , 
and  under  free-living  conditions  before  the  MD  (BMD)  and  the  HCD 
(BHCD) . 


MD 

HCD 

BMD 

BHCD 

Calories 

3006.4* 

2921.0 

2637.8 

3067.7 

Protein 

16.3 

15.7 

18.2 

16.0 

Fat 

46.4 

10.7 

32.3 

Carbohydrate 

37.3 

73.6 

39.0 

45.0 

*  Means  for  the 

5-day  diets. 
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Table  2.  Essential  nutrient  content  of  the  two  diets  consumed  by  divers 

during  the  ASD  compared  with  recommended  dietary  allowances  (RDA) . 


MD 

HCD 

RDA 

Sodium  (meq) 

151.0* 

137.9 

43  -  144 

Potassium  (meq) 

136.4 

180.4 

48  -  144 

Calcium  (mg) 

1,438 

1,657 

800 

Magnesium  (mg) 

341.0 

593.0 

350 

Zinc  (mg) 

12.5 

14.8 

15 

Iron  (mg) 

17.1 

23.1 

10 

Copper  (mg) 

1.2 

2.4 

2-3 

Vitamin  B6  (mg) 

2.1 

3.7 

2.2 

Cholesterol  (mg) 

814.5 

213.3 

<  300 

*  Means  for  the  5-day  diets. 
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Table  3.  General  characteristics  of  the  16  U.S.  Navy  divers. 


AGE  (years) 

HEIGHT  (cm) 

WEIGHT  (kg) 

BODY  FAT  (%)1 

MAX  0  UPTAKE  2 
(ml/min/kg) 


27  ±  3* 
180  ±  7 

79.6  ±  5.5 

12.7  ±  3.7 
45.4  ±  4.1 


23  -  33** 
170  -  193 
71.5  -  90.1 
8-22 
38  -  52 


*  Mean  ±  SD;  **  Range  of  values; 

1  Determined  by  hydrostatic  weight. 

2  Determined  by  incremental  bicycle  workloads. 
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Table  4.  Hematologic  changes  before  and  after  cold  water  immersions  lasting 
for  at  least  three  hours  during  the  AM  and  PM. 


AM  IMMERSION 

PM  IMMERSION 

BEFORE 

AFTER 

BEFORE 

AFTER 

0930 

1630 

2130 

0430 

Hct 

(%) 

45.5  ±  0.4 

49.8  ±  0.4* 

44.9  ±  0.4 

49.8  ±  0.4* 

Hb 

(g/dl) 

15.8  ±  0.2 

17.6  ±  0.2* 

15.7  ±  0.1 

17.2  ±  0.2* 

RBC 

(106/mm3) 

5.0  ±  0.2 

5.7  ±  0.1* 

5.0  ±  0.1 

5.6  ±  0.1* 

WBC 

(103/mm3) 

5.8  ±  0.2 

9.8  ±  0.6* 

6.8  ±  0.3 

10.3  ±  0.5* 

Mean  ±  SEM;  *  P  <  0.01  for  comparisons  between  before  and  after  immersion 
values. 
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Table  5.  Serum  concentrations  of  selected  ions  before  (B)  and  after  (A)  cold 
water  immersions  lasting  from  three  to  six  hours.  Expected  (E) 
values  were  calculated  based  on  changes  in  plasma  volume. 


AM  IMMERSION 

PM  IMMERSION 

B 

4.50  ±  0.05 

4.43  ±  0.06 

Serum  K  (meq/1) 

A 

4.21  ±  0.06* 

4.29  ±  0.05* 

E 

5.47  ±  0.10 

5.34  ±  0.10 

B 

143.4 

0.5 

143.8 

+ 

0.7 

Serum  Na  (meq/1) 

A 

145.4 

+ 

0.5* 

145.3 

+ 

0.7* 

E 

174.0 

+ 

2.4 

173.3 

+ 

2.7 

B 

143.4  t  0.5 

143.8  ± 

Serum  Cl  (meq/1) 

A 

104.3  ±  0.4* 

104.9  ±  0.5* 

E 

128.3  ±  1.8 

126.9  ±  2.1 

B 

3.41 

+ 

0.09 

4.05 

+ 

0.17 

Serum  Pi  (mg/dl) 

A 

4.25 

± 

0.12 

4.29 

+ 

0.11 

E 

4.15 

± 

0.14 

4.87 

+ 

0.23 

B 

288.4 

+ 

1.5 

294.4 

±  2.1 

Serum  Osm  (mosm/1)  A 

296.4 

+ 

5.4* 

296.1 

±  2.4* 

E 

356.4 

+ 

4.9 

366.4 

±  5.3 

Mean  ±  SEM; 

*  Means  for  A  values  bearing  superscripts  within  AM  and  PM  immersion  are 
significantly  different  from  E  values  (P  <  0.01). 
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Table  6.  Clearance  and  fractional  excretion  of  serum  electrolytes  and  serum 
constituents  before  and  during  cold  water  AM  and  PM  immersions 
lasting  from  three  to  six  hours. 


AM  IMMERSIONS  PM  IMMERSIONS 

BEFORE  DURING  BEFORE  DURING 

2200  -  1000  1000  -  E0I1  1000  -  2200  2200  -  E0I 


C  (ml/min) 
L»r 

C  (ml/min) 
osm 

CH  0 

C„  (ml/min) 
Na 

C  (ml/min) 

K 

Na/Cr  (xl02) 
K/Cr  (x!02) 


127.7  ±  15.9 
1.33  ±  0.21 
-0.34  ±  0.13 

0.62  ±  0.07 
9.71  ±  0.96 
0.7  ±  0.1 

10.5  ±  1.2 


276.5  ±  81.7 
4.65  ±  0.92 
0.10  ±  0.07 

1.98  ±  0.42* 
36.73  ±  4.58* 
1.0  ±  0.2 
23.4  ±  4.2 


149.9  ±  17.9 
1.89  ±  0.14 
0.03  t  0.30 

0.92  ±  0.08 
18.95  ±  1.73 
1.2  ±  0.3 

21.5  ±  4.5 


236.5  ±  70.5 
2.55  ±  0.55 
0.23  ±  0.38 

1.89  ±  0.31* 
20.39  ±  2.82 
1.7  ±  0.3 
17.1  ±  2.9 


Mean  ±  SEM;  1  EOI  =  end  of  immersion. 

*  P  <  0.01  for  comparisons  between  before  and  during  immersion  values. 
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APPENDIX  1.  INDIVIDUAL  SERUM  BIOCHEMISTRIES 


DIET  =  GLYCOGEN  AM  IMMERSION 


SUBJ  it 

TIME 

ALBUMIN 

PROTEIN 

SODIUM 

CHLORIDE 

PI 

1 

before 

4.40 

6.70 

145 

105 

3.2 

1 

after 

5.30 

8.20 

144 

106 

4.6 

10 

before 

5.40 

8.10 

144 

106 

2.8 

10 

after 

5.10 

9.20 

147 

103 

4.1 

11 

before 

4.70 

8.50 

143 

103 

2.8 

11 

after 

5.40 

9.60 

146 

102 

4.0 

12 

before 

5.40 

7.70 

146 

108 

3.2 

12 

after 

5.60 

8.50 

NS 

NS 

4.2 

13 

before 

4.70 

7.70 

143 

107 

3.2 

13 

after 

5.40 

8.90 

144 

105 

4.1 

14 

before 

6.00 

10.10 

144 

108 

4.8 

14 

after 

6.30 

9.80 

144 

104 

4.8 

15 

before 

4.80 

7.80 

144 

106 

3.1 

15 

after 

5.40 

9.00 

148 

105 

4.4 

16 

before 

4.90 

7.60 

144 

106 

3.4 

16 

after 

5.40 

8.50 

145 

105 

3.8 

17 

before 

5.10 

7.80 

145 

106 

3.0 

17 

after 

NS 

NS 

NS 

NS 

NS 

3 

before 

4.30 

8.10 

141 

106 

3.1 

3 

after 

4.30 

8.30 

147 

105 

4.3 

5 

before 

4.90 

6.80 

133 

100 

3.0 

5 

after 

5.20 

7.30 

136 

101 

3.0 

6 

before 

4.80 

7.10 

146 

107 

4.0 

6 

after 

5.60 

8.30 

148 

104 

4.3 

7 

before 

4.90 

7.60 

144 

106 

3.4 

7 

after 

8.30 

12.70 

141 

100 

5.7 

8 

before 

5.60 

7.90 

145 

103 

2.6 

8 

after 

5.70 

9.10 

147 

103 

3.9 

9 

before 

4.00 

7.70 

144 

107 

3.2 

9 

after 

4.60 

8.80 

148 

106 

5.4 

NS  =  No  Sample 
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APPENDIX  1.  INDIVIDUAL  SERUM  BIOCHEMISTRIES 


DIET  =  GLYCOGEN  PM  IMMERSION 


SUBJ# 

TIME 

ALBUMIN 

PROTEIN 

SODIUM 

CHLORIDE 

PI 

1 

before 

5.50 

8.40 

147 

105 

4.6 

1 

after 

5.00 

7.50 

143 

104 

3.7 

10 

before 

5.10 

9.10 

139 

101 

4.2 

10 

after 

5.00 

9.20 

146 

103 

4.1 

12 

before 

5.00 

7.50 

144 

107 

3.8 

12 

after 

5.50 

8.80 

148 

109 

5.1 

13 

before 

4.50 

7.40 

144 

106 

4.7 

13 

after 

5.30 

8.90 

144 

104 

4.6 

14 

before 

5.30 

10.10 

143 

105 

3.9 

14 

after 

6.40 

10.80 

143 

102 

4.6 

15 

before 

4.50 

7.30 

145 

103 

4.6 

i: 

after 

5.40 

8.90 

147 

103 

4.7 

17 

before 

3.90 

6.00 

151 

108 

2.9 

17 

after 

4.40 

6.70 

149 

105 

3.3 

3 

before 

3.50 

6.80 

141 

104 

3.5 

3 

after 

4.10 

8.10 

148 

106 

4.0 

4 

before 

5.00 

7.20 

145 

105 

3.0 

4 

after 

5.70 

8.40 

145 

107 

4.2 

5 

before 

5.00 

7.00 

143 

107 

4.1 

5 

after 

5.20 

7.40 

144 

107 

3.5 

6 

before 

4.60 

6.70 

145 

105 

4.0 

6 

after 

5.20 

7.60 

145 

103 

4.0 

7 

before 

6.60 

9.70 

146 

106 

5.0 

7 

after 

6.00 

9.00 

145 

104 

4.3 

8 

before 

6.40 

8.40 

145 

104 

3.7 

8 

after 

6.10 

9.00 

147 

103 

3.8 

9 

before 

3.30 

6.60 

140 

109 

3.2 

9 

after 

4.40 

8.50 

146 

106 

4.8 

NS  =  No  Sample 
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APPENDIX  1.  INDIVIDUAL  SERUM  BIOCHEMISTRIES 


DIET  =  MIXED  AM  IMMERSION 


SUBJ  if 

TIME 

ALBUMIN 

PROTEIN 

SODIUM 

CHLORIDE 

PI 

1 

before 

4.80 

7.20 

147 

106 

2.9 

1 

after 

5.20 

7.90 

147 

107 

3.9 

10 

before 

4.60 

8.40 

143 

105 

3.8 

10 

after 

5.10 

9.30 

146 

103 

4.1 

11 

before 

4.60 

8.00 

143 

106 

3.2 

11 

after 

5.20 

9.20 

146 

104 

3.8 

12 

before 

4.90 

7.80 

144 

107 

2.8 

12 

after 

6.00 

8.80 

146 

109 

4.2 

13 

before 

NS 

NS 

NS 

NS 

NS 

13 

after 

6.50 

10.80 

143 

102 

4.6 

14 

before 

5.80 

9.80 

140 

103 

3.9 

14 

after 

6.70 

11.30 

145 

103 

4.2 

15 

before 

4.80 

7.80 

143 

103 

3.8 

15 

after 

5.70 

9.40 

146 

104 

4.5 

16 

before 

4.50 

7.00 

143 

109 

4.3 

16 

after 

5.60 

8.60 

147 

105 

4.0 

3 

before 

3.70 

7.10 

141 

108 

4.0 

3 

after 

4.40 

8.50 

147 

105 

4.4 

5 

before 

5.10 

7.10 

141 

104 

3.4 

5 

after 

5.40 

7.70 

145 

105 

3.3 

6 

before 

4.70 

7.00 

144 

105 

3.3 

6 

after 

4.60 

6.80 

143 

105 

3.5 

7 

before 

5.70 

8.50 

145 

105 

4.1 

7 

after 

6.20 

9.50 

146 

103 

4.6 

8 

before 

5.70 

8.10 

144 

104 

3.7 

8 

after 

6.40 

9.10 

147 

102 

3.8 

9 

before 

3.90 

7.90 

146 

111 

3.4 

9 

after 

4.40 

8.80 

148 

109 

5.6 

NS  =  No  Sample 
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APPENDIX  I.  INDIVIDUAL  SERUM  BIOCHEMISTRIES 


DIET  =  MIXED  PM  IMMERSION 


SUBJ  # 

TIME 

ALBUMIN 

PROTEIN 

SODIUM 

CHLORIDE 

PI 

1 

before 

4.70 

7.20 

143 

106 

4.7 

1 

after 

5.40 

8.00 

140 

106 

4.2 

10 

before 

4.50 

7.90 

142 

104 

3.6 

10 

after 

4.90 

8.80 

147 

104 

3.9 

11 

before 

5.00 

8.90 

146 

106 

3.6 

11 

after 

5.30 

9.20 

147 

103 

4.6 

12 

before 

4.70 

7.40 

151 

109 

3.5 

12 

after 

4.90 

7.80 

147 

109 

4.1 

13 

before 

NS 

NS 

142 

104 

NS 

13 

after 

5.10 

8.40 

144 

104 

4.3 

14 

before 

6.40 

10.70 

133 

96 

4.9 

14 

after 

6.30 

10.90 

143 

104 

5.1 

15 

before 

6.10 

10.10 

139 

102 

6.8 

15 

after 

6.10 

10.20 

148 

106 

5.7 

16 

before 

4.70 

7.20 

144 

107 

3.8 

16 

after 

5.40 

8.40 

145 

106 

3.9 

17 

before 

3.80 

5.60 

147 

106 

2.3 

17 

after 

4.10 

6.10 

152 

106 

3.8 

3 

before 

3.60 

6.90 

143 

106 

3.5 

3 

after 

4.10 

7.90 

146 

107 

5.2 

4 

before 

4.80 

7.10 

140 

105 

3.7 

4 

after 

5.30 

8.00 

133 

99 

4.4 

7 

before 

5.40 

8.00 

145 

106 

5.1 

7 

after 

5.80 

8.80 

145 

106 

4.3 

8 

before 

5.80 

8.00 

144 

104 

4.4 

8 

after 

7.30 

10.30 

140 

100 

4.4 

9 

before 

3.60 

6.90 

146 

109 

3.6 

9 

after 

3.70 

5.20 

152 

110 

3.2 

NS  =  No  Sample 
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APPENDIX  2.  INDIVIDUAL  HEMATOLOGICAL  DATA 


DIET  =  GLYCOGEN  AM  IMMERSION 


SUBJ// 

TIME 

HCT 

HB 

RBC 

WBC 

CREATININE 

1 

before 

45.3 

15.4 

5.20 

6.0 

1.04 

1 

after 

45.3 

15.4 

5.96 

7.6 

1.05 

10 

before 

43.0 

16.1 

4.45 

6.2 

1.10 

10 

after 

43.0 

16.1 

5.20 

7.5 

1.00 

11 

before 

48.3 

16.3 

4.85 

4.8 

0.90 

11 

after 

48.3 

16.3 

7.54 

9.0 

0.90 

12 

before 

45.0 

15.7 

5.19 

6.5 

1.20 

12 

after 

45.0 

15.7 

5.84 

13.3 

1.00 

13 

before 

45.0 

15.0 

4.99 

5.2 

1.10 

13 

after 

45.0 

15.0 

5.61 

9.9 

1.00 

14 

before 

48.0 

16.9 

5.53 

5.0 

1.40 

14 

after 

48.0 

16.9 

5.96 

6.7 

1.30 

15 

before 

47.0 

16.0 

5.35 

5.9 

1.20 

15 

after 

47.0 

16.0 

6.19 

8.3 

1.10 

16 

before 

48.0 

16.3 

5.10 

4.2 

1.10 

16 

after 

48.0 

16.3 

5.48 

6.1 

0.90 

17 

before 

45.0 

15.3 

4.98 

6.4 

1.00 

17 

after 

45.0 

15.3 

5.35 

9.9 

NS 

3 

before 

46.0 

16.1 

5.19 

5.3 

1.20 

3 

after 

46.0 

16.1 

5.79 

10.6 

1.00 

5 

before 

42.5 

15.1 

5.31 

4.2 

1.11 

5 

after 

42.5 

15.1 

5.31 

4.7 

0.97 

6 

before 

48.0 

16.8 

4.94 

8.6 

1.11 

6 

after 

48.0 

16.8 

5.96 

15.7 

1.04 

7 

before 

45.0 

15.4 

5.09 

6.0 

1.04 

7 

after 

45.0 

15.4 

5.93 

13.6 

1.03 

8 

before 

47.2 

17.2 

4.36 

5.1 

1.00 

8 

after 

47.2 

17.2 

5.13 

8.7 

0.90 

9 

before 

47.0 

16.6 

5.20 

6.3 

1.10 

9 

after 

47.0 

16.6 

6.00 

14.4 

1.30 

NS  =  No  Sample 
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APPENDIX  2.  INDIVIDUAL  HEMATOLOGICAL  DATA 


DIET  =  GLYCOGEN  PM  IMMERSION 


SUBJ  if 

TIME 

HCT 

HB 

RBC 

WBC 

CREATININE 

1 

before 

A5.0 

15.1 

5.05 

6.4 

1.24 

I 

after 

A5.0 

15.1 

5.13 

7.3 

1.09 

10 

before 

A8.0 

16.3 

5.41 

7.8 

1.00 

10 

after 

A8.0 

16.3 

5.75 

11.6 

1.00 

12 

before 

AA.O 

15.3 

5.21 

8.0 

1.20 

12 

after 

AA.O 

15.3 

6.01 

13.1 

1.20 

13 

before 

A3 .0 

1A.9 

4.82 

5.6 

1.10 

13 

after 

A3.0 

14.9 

5.43 

9.5 

1.00 

1A 

before 

A6.0 

16. A 

5.26 

5.8 

1.30 

14 

after 

A6.0 

16. A 

5.80 

10.6 

1.30 

15 

before 

A3 .0 

15.5 

5.19 

6.6 

1.10 

15 

after 

A3.0 

15.5 

6.09 

NS 

1.10 

17 

before 

A5.0 

16.0 

5.20 

5.9 

0.80 

17 

after 

A5.0 

16.0 

5.84 

12.3 

0.90 

3 

before 

A5.0 

15.5 

5.07 

6.3 

1.10 

3 

after 

A5.0 

15.5 

5.81 

15.6 

1.00 

A 

before 

A7.0 

16.0 

5.01 

6.7 

0.92 

A 

after 

A7.0 

16.0 

5.30 

10.7 

0.92 

5 

before 

A6.0 

15.8 

5.42 

6.2 

1.00 

5 

after 

A6.0 

15.8 

5.52 

8.3 

1.07 

6 

before 

A7.0 

16.2 

4.77 

9.3 

0.90 

6 

after 

A7.0 

16.2 

5.61 

9.3 

0.92 

7 

before 

43.0 

14.9 

4.93 

5.0 

1.20 

7 

after 

A3 .0 

14.9 

5.77 

6.9 

1.00 

8 

before 

49. 0 

17.4 

5.53 

6.6 

1.00 

8 

after 

A9.0 

17.4 

5.88 

8.4 

0.90 

9 

before 

45. 0 

15.2 

4.75 

3.8 

1.00 

9 

after 

A5.0 

15.2 

5.94 

12.9 

1.20 

NS  =  No  Sample 
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APPENDIX  2.  INDIVIDUAL  HEMATOLOGICAL  DATA 


DIET 


SUBJ  # 

TIME 

1 

before 

1 

after 

10 

before 

10 

after 

11 

before 

11 

after 

12 

before 

12 

after 

13 

before 

13 

after 

14 

before 

14 

after 

15 

before 

15 

after 

16 

before 

16 

after 

3 

before 

3 

after 

5 

before 

5 

after 

6 

before 

6 

after 

7 

before 

7 

after 

8 

before 

8 

after 

9 

before 

9 

after 

NS  =  No  Sample 


=  MIXED 

HCT 

HB 

RBC 

45.0 

15.3 

5.19 

45.0 

15.3 

5.61 

48.0 

16.5 

5.43 

48.0 

16.5 

5.72 

43.0 

13.6 

4.48 

43.0 

13.6 

5.08 

43.0 

15.3 

4.96 

43.0 

15.3 

5.59 

43.0 

14.5 

4.57 

43.0 

14.5 

5.42 

47.0 

15.9 

5.26 

47.0 

15.9 

4.56 

44.0 

15.1 

4.49 

44.0 

15.1 

5.95 

42.0 

14.7 

4.49 

42.0 

14.7 

5.19 

47.0 

16.0 

5.04 

47.0 

16.0 

6.44 

44.0 

15.0 

5.20 

44.0 

15.0 

5.55 

48.2 

16.8 

5.02 

48.2 

16.8 

4.92 

46.0 

16.0 

5.24 

46.0 

16.0 

5.88 

43.0 

16.4 

5.16 

43.0 

16.4 

5.66 

47.0 

16.4 

5.29 

47.0 

16.4 

5.76 

AM  IMMERSION 


WBC 

CREATIirNE 

6.4 

1.05 

8.0 

1.00 

7.4 

1.00 

12.9 

1.10 

7.6 

1.00 

14.6 

1.00 

5.8 

1.30 

11.5 

1.10 

4.4 

1.10 

8.0 

1.30 

4.7 

1.40 

8.0 

1.20 

5.5 

1.20 

8.2 

1.20 

4.8 

1.20 

5.8 

1.20 

6.0 

1.00 

12.2 

1.10 

5.8 

1.12 

8.5 

0.99 

7.6 

1.04 

7.6 

0.96 

5.2 

1.10 

7.8 

1.10 

5.2 

1.00 

11.8 

1.00 

6.5 

1.10 

13.2 

1.30 

AO 


APPENDIX  2.  INDIVIDUAL  HEMATOLOGICAL  DATA 


DIET 

=  MIXED 

PM  IMMERSION 

SUBJ# 

TIME 

HCT 

HB 

RBC 

WBC 

CREATININE 

1 

before 

43.0 

15.1 

4.94 

6.4 

1.18 

1 

after 

43.0 

15.1 

5.50 

14.7 

1.05 

10 

before 

44.0 

15.4 

5.20 

7.7 

1.20 

10 

after 

44.0 

15.4 

5.64 

13.6 

1.00 

11 

before 

47.0 

14.9 

4.94 

10.5 

1.10 

11 

after 

47.0 

14.9 

4.97 

11.4 

1.00 

12 

before 

45.0 

15.7 

5.26 

8.6 

1.40 

12 

after 

45.0 

15.7 

5.41 

10.6 

1.40 

13 

before 

44.0 

14.4 

4.54 

6.5 

1.20 

13 

after 

44.0 

14.4 

5.18 

8.8 

1.00 

14 

before 

48.0 

16.7 

5.41 

6.0 

1.60 

14 

after 

48.0 

16.7 

5.71 

8.9 

1.50 

15 

before 

45.0 

15.3 

4.91 

7.4 

1.70 

15 

after 

45.0 

15.3 

5.32 

9.1 

1.40 

16 

before 

44.0 

15.3 

4.72 

5.8 

1.10 

16 

after 

44.0 

15.3 

5.24 

7.7 

1.30 

17 

before 

42.0 

14.5 

4.69 

7.5 

0.90 

17 

after 

42.0 

14.5 

5.43 

12.2 

0.80 

3 

before 

44.0 

15.7 

4.89 

7.0 

1.20 

3 

after 

44.0 

15.7 

5.55 

8.5 

1.10 

4 

before 

46.0 

16.1 

5.19 

7.0 

1.12 

4 

after 

46.0 

16.1 

5.60 

7.5 

1.03 

7 

before 

40.0 

14.5 

4.78 

6.0 

1.10 

7 

after 

40.0 

14.5 

5.64 

9.0 

1.00 

8 

before 

48.0 

16.6 

5.10 

7.2 

1.10 

8 

after 

48.0 

16.6 

5.34 

7.9 

1.10 

9 

before 

43.0 

15.1 

4.89 

7.1 

1.30 

9 

after 

43.0 

15.1 

5.36 

NS 

0.90 

NS  =  No  Sample 
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APPENDIX  3.  INDIVIDUAL  URINE  VALUES 


ZV 


w 


z 

►— t 

CO 

s© 

00 

<r 

p- 

c 

o 

o 

>3* 

CO 

as 

o 

V3 

CM 

0M 

CO 

O 

o 

o 

>3- 

m 

CM 

o 

cc 

CO 

O 

CO 

as 

00 

o 

m 

2 

2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2 

• 

• 

2 

• 

• 

2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2 

• 

• 

2 

• 

• 

• 

« 

K-* 

*3* 

m 

Os 

OS 

m 

so 

n- 

sO 

<r 

o 

P-H 

m 

sO 

o 

00 

cO 

m 

-C 

o 

>3- 

as 

sO 

SO 

H 

o 

CM 

CM 

0O 

o 

00 

CM 

ON 

CM 

o 

sO 

<3- 

o 

p-^ 

o 

Os 

<r 

00 

CM 

as 

<r 

>3* 

oo 

SO 

C 

CM 

o 

oo 

s© 

s© 

sO 

ON 

o 

CM 

CM 

CO 

0O 

sO 

oo 

m 

r— I 

•—* 

0O 

CM 

sO 

^3* 

m 

Os 

W 

CO 

in 

CM 

— H 

*— * 

«  ■  4 

p-4 

0M 

PS 

u 


w 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C/3 

O 

o 

CO 

O 

o 

o 

o 

o 

o 

o 

o 

o 

C/3 

O 

o 

CO 

O 

o 

o 

m 

2 

vO 

<3- 

CM 

r^. 

o 

o 

SO 

«— H 

V© 

0O 

CM 

2 

00 

2 

o 

0O 

as 

CO 

oo 

as 

00 

o 

00 

2 

O 

0M 

2 

. — 4 

s© 

oo 

r- 

m 

00 

sO 

CM 

0O 

m 

CM 

f-H 

as 

pH 

<r 

o 

so 

o 

CM 

as 

as 

n- 

m 

oo 

O 

o 

00 

CO 

<r 

oo 

o 

> 

o 

o 

o 

OO 

d 

o 

p-H 

pH 

o 

O 

- 

o 

o 

o 

o 

CM 

o 

o 

o 

o 

o 

o 

- 

CM 

o 

- 

o 

o 

H 


►J 

<  W  OO  «  O  >C  OMM 

■-J  Z  (N  o>  s  eo  oo  ip 

O  -<  tN  M  (M  (S  M 

2 
cn 
O 


NVONMNNMOOO 
NNNZSlOZfl® 
cm  in  ci  cn  cnj  vo 


ipor'ii^oomomo 
z  IS  N  Oi  N  O'  cO  O 
is  ci  «  in  h  ci  <r 


mMO-'WO-'OO 

'CZIMffiZO-'CloO 

<r  <T)  — ■  m  cm  m  vo 


2 

O 


CO 

os 

w 


CO 

CO 


< 

e-i 

o 

di 


coo(flioco<oin(oo\MH(ii(/i^aiiooioci>jooiDioinHtflOMonoiOie 

2*2 . 2  •  2  •  •  2  •  •  2 . 2  •  •  2  •  •  •  • 

r-~  00  O  vO  CM  CM  CM  cn  <T  CM  CO  OCIC'IsCM-iMfvIin  in  00  Mf  -J  CM  o 

m  "H  Cl  CM  CM  Cl  —I  m  CM  -JISN>ICMCMCMvO  cn  \0  CM  Cl  Cl  CM 


2 

W 

o 

o 

CJ 

>< 

►J 


H 

w 


Q 

O 

CO 


W 

2 


w 

> 


cflOcncniscoinincflvocociouflisBcflO 

z  •  z  •  •  •  •  •  z  •  z  •  •  z  •  •  z  • 

m  cm  n  in  vO  (N  co  oo  CO  O  co  vO  oo  —• 

CNI  CO  (N  >3-  M  (O  CO  —*  Ch  CM  CO  N  sj  CM  'H 

CO  -H  CNJ  — « 


Nsoinvovoom-f 


n*  co  oo  co 


p'  io  in  n 
oo  m  co  r"* 


C/3  O  CM  CO 

z  •  •  z 

oo  co  v©  o  <r 

oo  cm  in  in  vo  m 


as 

as 

as 

as 

ON 

as 

as 

as 

as 

00 

00 

00 

s© 

SO 

sO 

o 

O 

O 

00 

00 

oo 

oo 

oo 

CO 

r- 

O 

O 

O 

00 

00 

00 

as 

V© 

s© 

S© 

V© 

s© 

s© 

s© 

s© 

v© 

so 

SO 

V© 

r-* 

P*. 

CM 

CM 

CM 

o 

o 

O 

CO 

0O 

oo 

00 

CO 

00 

r^ 

O 

o 

o 

sO 

oo 

oo 

0O 

oo 

OO 

cn 

oo 

oo 

oo 

CM 

CM 

CM 

CM 

CM 

0M 

CM 

CM 

OM 

0s| 

CM 

CM 

CM 

0M 

CM 

CM 

CM 

CM 

oo 

oo 

co 

CM 

0M 

CM 

oo 

a> 

oo 

<U 

oo 

<U 

00 

0) 

00 

(U 

00 

0) 

00 

0) 

oo 

<u 

oo 

a> 

00 

0) 

00 

(U 

00 

OJ 

u 

c 

u 

w 

c 

u 

Vi 

c 

Vi 

c 

u 

c 

Vi 

Vi 

c 

V 

Vi 

© 

Vi 

Vi 

c 

U 

Vi 

c 

V< 

Vi 

c 

Vi 

Vi 

c 

Vi 

Vi 

o 

•H 

0) 

o 

•H 

a) 

o 

•H 

0) 

O 

•H 

QJ 

0 

•H 

a) 

0 

•H 

0) 

O 

a> 

O 

•H 

<V 

O 

<U 

O 

•H 

01 

0 

•H 

Q) 

O 

4-1 

u 

4-> 

4-t 

U 

u 

4-1 

Vi 

4-1 

4-1 

Vi 

U 

Vi 

4J 

iw 

V 

AJ 

U-J 

Vi 

4-1 

IM 

Vi 

4J 

4-1 

Vi 

U 

4-4 

Vi 

4J 

4-1 

Vi 

AJ 

4-< 

<u 

3 

4-i 

a; 

a 

4-1 

<D 

3 

4-1 

<U 

a 

IM 

0) 

3 

IM 

a> 

3 

SM 

<u 

3 

IM 

<u 

3 

IM 

0) 

3 

sw 

<U 

3 

IM 

a> 

3 

4-4 

V 

pO 

T) 

co 

p© 

*o 

cO 

,© 

"O 

CO 

p© 

03 

cO 

J3 

T3 

CO 

-© 

TJ 

<0 

p© 

T3 

co 

p© 

T3 

CO 

p© 

TJ 

cO 

*© 

'O 

co 

pO 

"O 

<0 

pO 

•o 

C£3 

3 

CO 


OOO'-H'-iPHtMcMnjroomsjMjM'inininvOvOiorNrNr^fnfnoinininvo 


w 

z 

t— t 

o 

o 

<x 

o 

co 

o 

o 

ON 

o 

o 

V© 

2 

• 

• 

2 

• 

• 

• 

• 

• 

• 

• 

« 

»— 1 

O 

r^. 

00 

CM 

sO 

m 

o 

H 

ON 

on 

v© 

CM 

ON 

co 

m 

sO 

r>. 

< 

o 

00 

VO 

v© 

CM 

<r 

n* 

co 

3 

3 

U 

» >  « 

3 


3 

o 


o 

IT> 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

2 

o 

o 

m 

r-» 

CO 

ON 

CM 

o 

m 

— 

ON 

—* 

uo 

m 

ro 

o 

O 

o 

J 

o 

o 

o 

j 

o 

s- 


0) 

CO 

ON 

CO 

<r 

v© 

o 

CM 

X 

00 

<r 

o 

3 

3 

ON 

00 

2 

o 

00 

<r 

in 

v© 

C 

O 

"3- 

v© 

CM 

m 

CO 

CM 

CO 

i 

<r 

-H 

2 

4-1 

CO 

c 

o 

o 

o 

S-/ 

CO 

z 

w 

O 

3 

HH 

3 

CO 

2 

< 

05 

3 

> 

3 

h-t 

m 

CO 

CO 

o 

o 

o 

00 

CO 

V© 

CO 

CO 

• 

2 

2 

• 

• 

• 

• 

• 

• 

• 

• 

w 

2 

CO 

CO 

CM 

CO 

n. 

r— « 

00 

r- 

2 

HH 

< 

in 

co 

CM 

CM 

CM 

<r 

co 

co 

H 

a: 

22 

o 

3 

< 

0- 

3 

< 

3 

O 

M 

> 

M 

2 

CO 

CO 

o 

o> 

CO 

ON 

CO 

t— * 

o 

• 

2 

2 

• 

• 

• 

• 

• 

• 

• 

• 

2 

CM 

CO 

o> 

X 

rH 

CO 

V© 

CM 

00 

►-» 

Q 

CM 

00 

CM 

CO 

CM 

m 

X 

CO 

O 

2 

3 

X 

O 

3 

O 

CJ 

>- 

3 

3 

3 

a. 

o 

2 

0u 

3 

< 

II 

H 

H 

3 

3 

> 

3 

3 

a 

Q 

O'ffioiouMflinmooo 

v0'C'O'O\D-HH<HSNrs 

mnfnrommcn<*irnmm 


TJ 

<u 

u 

0) 

Kl 

u 

X 

w 

<u 

c 

■H 

l-l 

3 


o 

2 


00 

0) 

00 

<u 

oo 

00 

3 

c 

U 

c 

c 

M 

e 

M 

2 

•H 

a> 

o 

•H 

<u 

o 

•H 

<U 

O 

•H 

a> 

3 

4~» 

iu 

u 

4-1 

U-4 

4-4 

M-l 

U 

4-1 

H 

VM 

(V 

a 

U-4 

0) 

P 

0) 

a 

M-4 

X> 

to 

Xl 

X> 

to 

X 

*o 

to 

X 

XJ 

to 

H 

O 


a. 


B 


V5 


o 

2 


n 

co 

3 

00 


sO  ^  N  fN  00  00 


00  O'  O'  CT\ 


il 

0/5 

2 


APPENDIX  3.  INDIVIDUAL  URINE  VALUES 


w 


z 

o 

O' 

vO 

01 

o 

00 

C/3 

m 

on 

o 

CO 

CO 

CO 

CM 

on 

;n 

on 

o 

in 

o 

in 

r*- 

00 

c 

on 

OC 

o 

CM 

ON 

OC 

z 

• 

• 

• 

• 

z 

• 

Z 

• 

• 

• 

z 

z 

z 

• 

• 

• 

z 

• 

• 

• 

• 

• 

• 

• 

00 

• 

• 

• 

00 

• 

• 

00 

CN 

»— 1 

so 

v£5 

p— < 

CM 

CM 

ON 

on 

o 

in 

00 

o 

ON 

o 

vO 

OM 

in 

o 

00 

sO 

on 

o 

H 

m 

r- 

CO 

m 

o 

m 

o 

00 

CM 

on 

on 

on 

c*. 

n- 

m 

on 

O 

<r 

m 

m 

m 

OM 

m 

o 

< 

v£5 

vO 

NO 

ON 

ON 

CM 

<r 

o 

CM 

00 

m 

o 

—4 

00 

CM 

in 

ON 

ON 

r— 

o 

o 

00 

sO 

w 

— H 

r-H 

CM 

— •* 

os 

CJ 


U3 

o 

in 

o 

o 

cn 

o 

m 

C/3 

o 

o 

o 

CO 

C/3 

CO 

o 

o 

o 

CO 

in 

o 

o 

o 

O 

o 

o 

o 

z: 

00 

CM 

on 

CM 

z 

o 

CM 

z 

on 

m 

z 

z 

z 

00 

p  -4 

SO 

z 

CM 

o 

ON 

r^* 

o 

on 

r-'. 

x> 

co 

on 

on 

o 

.—4 

ON 

CM 

ON 

00 

CN 

o 

m 

m 

o 

MT 

CM 

o 

00 

_j 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

> 

o 

o 

on 

—4 

o 

o 

o 

o 

o 

""4 

o 

o 

CN 

o 

o 

o 

■ 

o  o  o  o  o  o 
o  cn  O'  O  cm 
sf  n  a  <t  >o  - 


o  —  ooo  — 


o  o 

as  vo 
OM  CM 


o  — 


Z 

O 

i-i 

m 

os 

« 


X 

(U 


H 

i— 

-J 

< 

O 

X 

in 

O 


S 

o 

h— ' 

t n 
in 
< 
E- 
O 
Om 


ve®NNWcoooM'finOM!/)woeoo«!/)0-o!)HM'OinB-'Or'C-co>fiift'J 
u"liO  —  OZiO  —  ZOiOi—  ZZZiOvO-<r;zmr'»aOO<'''l  -(lONNNfflO'ONiA 
cmv/iuicm  cocm  —  —  Mt  ci  re  cm  cm  cm  vo  in  —  ■cciinnnMiO'CiA'j 


m  cm 


ci  n  n 


CM  CM  vO  in  — 


<M>ooi!/im--woinNMt/i(/)'Oincoi/iininoonHOiniB'OiOciin>eocoi 

.  . . 

(M  sr  ^  \0  in  Cl  in  O'  CM  Cl  CM  mO'O'OMOifliOC'OvO'DClCC- 

cMin—  m  csir»  —  in  ci  o  —  oi  -jNcicocicMcin-co 


z 

w 

o 

o 

o 

s- 

►J 

o 


H 


Q 

O 

SO 


W 

z 


w 

> 


—  ciO't/iW'OoowO'OciwmnwNonoomooccioinN'OM’c  mcMOvom 
•  •  •  cf  ^  t  2»  •  •  •  2  2  •  •  •  2  ••••••••*•***•*  + 

im  n  io  —  c-  n  irus  in  in  c-  — icnooci  —  OmOcjinoo  —  mj-c-  —  co 

\C  CM  CM  CM  CMiO—  -J  ci  O—  OMOUlNMniCM/lN 

—  —  — <  —  CM  —  — 


c-c-c-  —  —  —  OOOOOOOOOOOOOOOc^i^r^OOOC3'CCiOicMCMCMrcr-.c«.c» 
^  —  •MininmcccccrMinmin-i-C'jciNiMiniAiniO'O'OO'O'Oicicicio 

ClClClCM(N!NClCinClC10(MCN(NnClClClClCl(S|NCMClClCl--rtCMMCMM 


w 

X 


<u  oo 
u  c  u 

O  *H  4> 


4)  OO 

h  c  h 

O  tH  (U 


0)  00 
IM  C  I-I 
O  -H  4) 


4)  OO 
M  C  U 
O  -H  41 


4I3'm4I3|u43imV 


<D 

OO 

01 

00 

<U 

00 

<U 

00 

<U 

O0 

0) 

00 

0) 

00 

U 

c 

u 

c 

M 

V-I 

c 

W» 

c 

u 

V4 

3 

V4 

c 

U 

1m 

c 

0 

<U 

0 

•H 

0> 

o 

■H 

<D 

o 

•H 

0) 

o 

•H 

Q> 

o 

•H 

01 

O 

•H 

<U 

U-4 

Vm 

4-1 

V-I 

4J 

4-t 

4-4 

4-1 

l-i 

4-4 

4-1 

M 

•U 

4-4 

>4 

4-» 

4-4 

U 

4-» 

01 

3 

IM 

oj 

3 

4-4 

0) 

3 

4-1 

<u 

3 

4-4 

0) 

3 

4-4 

01 

3 

4-4 

0) 

3 

4-4 

TJ 

03 

X 

T3 

Oj 

-O 

HJ 

03 

-Q 

'U 

C3 

-O 

*3 

03 

T3 

03 

-o 

T3 

—i 

S3 

33 

to 


OOOtMCMtMncinMM'JinciincMMCiciciM-J'JinuimiOO'Oc 


before 


S'? 


ua 


r*. 

cn 

cn 

o 

o 

o 

cn 

r-* 

2 

• 

♦ 

• 

• 

« 

* 

z 

• 

r— i 

»*4 

CM 

<4 

O' 

«— ■ 

in 

vC 

H 

CM 

cn 

00 

cn 

00 

v£> 

vC 

< 

i-< 

-4 

in 

cn 

^4 

CM 

faU 

as 

u 

b3 

o 

m 

in 

in 

o 

o 

CO 

o 

y 

cn 

r>» 

O' 

r-* 

o 

CM 

z 

•— • 

-4* 

-4 

00 

sO 

cn 

v£> 

CM 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

cn 

— • 

o 

o 

o 

> 


>* 

H 

/-\ 

i-i 

T3 

3 

0> 

D 

3 

C 

o 

•tH 

z 

u 

CO 

C 

o 

o 

u 

CO 

z 

w 

o 

CO 

x 

< 

ofi 

5 

> 

u 

M 

TT* 

CO 

w 

y 

CO 

2 

M 

< 

in 

H 

OS 

X 

o 

23 

Cl 

CL 

hJ 

< 

23 

Q 

n 

> 

M 

z 

Q 

3 

2 

3 

>-» 

Q 

O 

CO 

« 

en 

Z 

u 

X 

o 

L-l 

o 

a 

CJ 

z 

JLI 

w 

3 

w 

a. 

CJ 

z 

CL 

l-l 

< 

II 

H 

H 

W 

W 

> 

»— i 

L-l 

a 

a 

a\r^v£><finozoo 
^  m  cm  cm  m  cn 


so— ‘OOoor^cnoo 


— •  oo  on  cm  o  CM  vO 

-h  -h  n  vfi  -<  m  * 


oo-H^oor^r^cocM 


^^onoooo  m 
in  vO  on  oo  cm 


P—  f>*  cys  ^  CT»  CTv 
OOsOvOvOr^r^r^ 
CM  CM  CO  CO  <n  CM  CM  CM 


T3 

a) 

■u 

<u 

o 

x 

w 


01 

c 

■H 

Ij 

3 


O 

z 


00  0)  00  11  to 

W  CLMCLLCM  O 

Z  ■HOIO-HOIO-HO 

I— I  •  •> 

H  3vwV34hU3U-i  V 

TJC03T3C03T3C0  *-H 


a 

e 

<o 

CO 


O 

z 

=tt» 

n  ii 

sa 

3  rvrvcOMOOO'O'iT  CO 
CO  Z 


APPENDIX  3.  INDIVIDUAL  URINE  VALUES 


9^7 


UJ 


O 

CO 

CO 

00 

0 

0 

00 

CM 

00 

O 

© 

O 

0 

0 

© 

CM 

© 

O 

O 

CO 

2 

• 

2 

z 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

2 

• 

H-l 

© 

0 

CM 

0 

co 

© 

co 

d 

d 

ON 

■— < 

0 

CO 

O 

d 

0 

0 

H 

in 

CM 

•—1 

*— « 

0 

0 

CM 

d 

CM 

on 

CM 

CO 

r- 

d 

CM 

< 

CM 

© 

© 

d 

© 

CO 

*— • 

fH 

© 

CM 

CM 

CM 

CM 

d 

ON 

© 

OC 

o 


000'd'«d'0r*-©mv© 


O  00 

O 

CO 

0 

v© 

CO 

r>- 

UO 

ON 

#— 1 

m 

00 

in 

d 

CM 

-H 

•— « 

m 

CM 

ON 

m 

d 

m 

-d- 


w 

0 

0 

CO 

O 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

O 

O 

0 

m 

0 

0 

0 

0 

0 

O 

0 

0 

0 

v© 

CM 

z 

CM 

CM 

0 

00 

d 

CM 

© 

0 

l© 

CM 

r— < 

O 

d 

r— 

00 

d 

O 

00 

r-* 

O 

d 

d 

0 

CO 

00 

ON 

CM 

CM 

CM 

CM 

— ' 

0 

m 

r^. 

CM 

CO 

m 

ON 

00 

O 

m 

r- 

co 

ON 

CO 

O 

v© 

— 1 

0 

m 

m 

ON 

m 

co 

00 

l© 

— 

CM 

0 

> 

- 

— 

0 

0 

- 

0 

0 

0 

0 

O 

-* 

d 

0 

O 

O 

O 

CM 

0 

O 

- 

d 

0 

— 

0 

O 

0 

O 

0 

d 

0 

— 

>• 

H 


© 

< 

© 

o 

5: 

CO 

o 


CM^COCO— <Omt/3CMCMCC 

coozcomonzoN^oN 
com  cm  cm  <r  cm  n  ^  vo 


N0ooo0'0^in»riow'0 
00  o\  ©  — <  oo  o  co  2  — * 
cm  <r  co  m  n  m  n  cn  -d- 


Oio^cMO'Ocna'iomco 
HNM>jooinmcoo^ 
cm  ro<r<NinincNoosT 


2 

O 


CO 

oc 

w 


5 


(-1  vOCMWCM— I  O  "T  W  -J  - *vOvOOO'OON<J-C^^'P'OtOOOO'OOfMOOO— <  >3  O  r'-  — * 

W  •  •  Z  •  •  •  •  . . . . 

Cfl  vO  — <  W  nT  N  n  OOsf'JflOMOOini^NOi'O  aNOvOOr~~r'iOOao<jNOr— 

<  n  in  ^  tM  mcvi  — 1  in  on  n  ^  -1  in  00  r-~  -■-j^niMiNvON^NJ 

H 
O 
a. 


a 

ui 

x 

1— < 

as 

II 

H 

ua 


-jintNintNcnvD^in 


Q 

O 

W 


w 

S 


w 

> 


vO'jwoocoifl'jWMOMaaMninoo'Mnooi'OWfno 

•  •  Z  •  •  •  •  Z . .  •  • 

O  vo  no  o  f'~  O  ooor-'.r'.<-nmoa'N<rao<rcNO  \D  O  1 —  MjiON'iniN'Omo 
oocrv  <r  in  m  m^o  — 1  in  n  n  m\i  mm  r-~  oo  m  io  m  >j  \o  m  00 


d 

d 

d 

ON 

ON 

ON 

ON 

ON 

ON 

0 

0 

0 

0 

O 

O 

O 

0 

O 

O 

O 

0 

0 

O 

O 

O 

O 

O 

O' 

ON 

ON 

m 

m 

m 

ON 

co 

co 

CO 

© 

v© 

© 

© 

© 

© 

0 

0 

0 

r- 

r^ 

© 

© 

© 

C" 

r-. 

00 

00 

00 

CM 

r-. 

r^* 

© 

© 

© 

ON 

ON 

ON 

© 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

co 

CO 

CO 

co 

01 

co 

co 

CO 

CM 

CM 

CM 

co 

CO 

CO 

CM 

CM 

CM 

CO 

co 

co 

CO 

CO 

CO 

«— 4 

CO 

w 

01 

00 

01 

00 

0) 

00 

0) 

00 

V 

00 

<u 

OO 

OJ 

00 

<u 

00 

0) 

00 

0) 

00 

<u 

00 

01 

u 

c 

U 

u 

c 

U 

c 

U 

H 

c 

M 

U 

G 

u 

c 

U 

G 

l-l 

c 

1-1 

1-1 

G 

l-i 

1-1 

c 

1-4 

u 

G 

l-i 

1-1 

X 

0 

*H 

01 

0 

•H 

01 

O 

•H 

c u 

O 

0) 

O 

•H 

<y 

O 

•H 

OJ 

0 

•H 

0 

•H 

<u 

0 

•H 

<y 

0 

vH 

01 

0 

0) 

0 

1— 1 

4-1 

U 

u 

4~i 

u 

i-j 

4-i 

M 

4-1 

4H 

V4 

u 

4-J 

U 

■U 

4-1 

Ui 

AJ 

4-1 

M 

u 

4-1 

1-4 

4-> 

4-1 

U 

4J 

4-1 

1-1 

4J 

4-4 

>-< 

4-» 

4-1 

H 

0) 

3 

IM 

01 

3 

U-t 

oi 

3 

4-1 

01 

3 

4h 

0) 

3 

4-1 

0) 

3 

4-1 

0) 

3 

4-J 

<u 

3 

4-1 

<u 

3 

iw 

0) 

3 

4-1 

(U 

3 

4-1 

01 

© 

T3 

<0 

© 

"O 

fO 

© 

T3 

0J 

© 

"O 

CTJ 

© 

<0 

© 

H3 

G 

© 

T3 

CO 

© 

*o 

CO 

© 

T3 

(0 

© 

'O 

G 

© 

to 

© 

•~i 

ca 

3  — 1— «  — <000-^— <«NCNCN0ri(,,>m~3--^-~3-inmmvO\O'£>corormmmin\O^ov£>r» 


1573.8 


APPENDIX  3.  INDIVIDUAL  URINE  VALUES  (continued) 


L*7 


W 

z 

»-*  coco<rcoooocoo 

z  z  z  •  z  •  *  z  . 

*— * 1  -<r  cnj  cnj 

H  <n  co  o  <T 

<  lO  <T 

W 

CX 


W 


o 

> 


COCOOOOOCOO 
zzoomov^zcM 
\0  lo  co  </")  lti 

•  •  *  •  • 

—  o  o  o  o 


>< 

H 


3 


c o 
o 


coco-*co<ra*»covr5 

zzc\jz<rcoz— • 

^  'vO  m  CM 


2 

O 


CO 

a: 

w 


2g 


x 

3 

i-< 

CO 

CO 

C 

H 

O 

Pu 


cococncfloo^corn 

Z  Z  -2  •  *2  • 

O  ^  ro  ro 

vr  *->  —i  m 


Q 

O 

co 


COCO<fCOOOrMtoO 
Z  Z  •  2  •  •  Z  • 

>3-  ON  fs  CN 

CO  CO  uO 


a 

w 

X 

>—i 

w 

2 

r 

II 

H 

ON 

vO 

v£> 

H 

W 

CO 

CO 

bJ 

> 

t-i 

h-< 

a 

a 

0>  Cn  O'k  O  O  O 
vO  \0  NO  N  N  N 
CO  CO  ro  CO  CO  CO 


T3 

05 


D 

V-i 

u 

X 

w 

a> 

c 


O 

z 


00 

05 

00 

05 

00 

w 

c 

5-i 

c 

V4 

c 

u 

X 

05 

O 

01 

o 

■H 

05 

(-4 

w 

4-» 

<4-1 

u 

4 J 

U-J 

5-4 

4J 

H 

3 

Vi-* 

0) 

o 

05 

2 

«-• 

X) 

<0 

TJ 

CO 

X) 

<0 

=3= 

*o 

OQ 

25  r^r^oooooooocTN 
co 


II 

O 


a 

6 

m 

CO 

o 

z 

II 

CO 

z 


APPENDIX  3.  INDIVIDUAL  URINE  VALUES 


8* 


w 


»— • 

m 

_ 

CO 

CO 

CO 

ON 

nC 

o 

co 

o 

v O 

CM 

o 

c 

m 

UO 

c 

00 

O 

<r 

oo 

O 

nO 

uo 

CO 

CO 

nC 

• 

z 

• 

• 

z 

z 

• 

z 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

z 

z 

• 

1— « 

00 

<r 

m 

G\ 

m 

00 

oo 

CO 

•NT 

<T 

"3- 

no 

c 

r». 

uo 

CM 

00 

o 

o 

CO 

SO 

CM 

CO 

CM 

ON 

H 

CM 

m 

00 

in 

ON 

ON 

m 

cm 

CO 

CO 

nO 

nO 

ON 

ON 

uo 

co 

CM 

CM 

ON 

00 

ON 

CO 

< 

oo 

nO 

m 

<n 

00 

r"> 

On 

CM 

r^* 

CM 

uo 

CM 

ON 

r-^ 

NO 

uo 

00 

nO 

>— *  r—i  •  ' — < 

P 6 
CJ 


w 

o 

CO 

o 

o 

CO 

CO 

o 

o 

o 

in 

o 

o 

o 

o 

c 

m 

o 

o 

m 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

c n 

o 

o 

z 

ON 

z 

r- 

r-. 

z 

z 

nO 

v O 

r>«. 

CO 

CO 

o 

CO 

o 

00 

00 

U0 

o 

CM 

ON 

p*- 

o 

N O 

o 

oo 

00 

UO 

CO 

m 

r-s 

z 

CM 

MT 

z 

vO 

O' 

CO 

CM 

CO 

CO 

ON 

CO 

CM 

00 

CO 

CO 

NO 

CO 

o 

o 

CO 

CM 

CO 

m 

o 

00 

CO 

CM 

—■ 

00 

CM 

r^. 

U0 

nO 

o 

> 

- 

o 

— 

CM 

o 

O 

o 

o 

© 

-1 

o 

o 

o 

o 

- 

o 

o 

o 

— 

o 

CM 

o 

CO 

o 

o 

O 

o 

— 

Q 

W 

X 

►■s 

Z 

II 

H 

W 


>- 

H 

i-i 

►J 

C 

hJ 

o 

z 

co 

O 


■n 

03 

3 

CO 


OvWNOWWlOrsNrtNHOOiOOincOOOOtONOO'HOM'-il^fiNIOWMvO'I 
ffizuimZzccmocoOvD^tricooo  -hst<oom  oo>xf(MriMZZ'six 
—  —  cMnNi/UN^Nn-HiOio  n  <o  vt)  vO  <f  —  -  -  -•  -  — 


—  sf  cn 


OU-JNOMZZN'C 
co  — i  «  m  <rco 


CO 

CO 

< 

E-t 

o 

Cu 


OM'JWMl/lvOCO»-»>OC3NO!)OONO'0-Trta'rtlOO>r>OMsr<tl»'OW'I-« 

•Z  ‘ZZZ . .  •  • 

oo  cm  •jmooNn^ioiO'-iiccooN-ii/i'OsfO'Oin-'oai^-i  — •  ps 

on  m  r-~  • — i  in  cs  i —  sr  — <  i/n  uo  ^  ^  mro  cm  io  m  >o  — <i — 


ui 


— <  00  \C 


a 

o 

CO 


w 

z 


u 

> 


St  CO  CM  CO  CO  CO 
•  J25  •  25  Z*  Z 

oo  cm  <rmcno<roNcnocn<Tco 

cm  on  oo  m  oo  in 


oor^mcTvOr^vTCMsOCsio^OOOr^-Hr^ 


n  cm  ^  in  CM 
vc  co  cm  sr  cn 


co  co  m  -3- 

•  ••••  •  z  •  • 

so  co  uo  o  m  cn  on  <r  cm 

^  O  r>»  r*%  *-h  n©  no  no 

•—*  csi  ^  — « 


ON 

ON 

ON 

ON 

ON 

ON 

CO 

co 

co 

ON 

ON 

ON 

o 

o 

O 

ON 

ON 

ON 

r* 

c- 

o 

o 

o 

o 

O 

O 

O 

O 

O 

uo 

m 

in 

ON 

vO 

NO 

nO 

NO 

NO 

NO 

NO 

VO 

NO 

o 

O 

o 

r- 

oo 

00 

00 

NO 

NO 

NO 

N 

r— 

r- 

•>— < 

t—t 

nO 

CO 

CO 

CO 

CO 

CO 

co 

CM 

CM 

CM 

CM 

CM 

CM 

co 

co 

co 

*— i 

CM 

CM 

CM 

co 

CO 

co 

co 

co 

co 

CO 

co 

co 

CM 

CM 

CM 

CO 

0) 

00 

a> 

00 

a) 

00 

<u 

00 

<u 

00 

CU 

00 

<U 

00 

<u 

oo 

<U 

00 

<u 

00 

(U 

00 

CU 

u 

u 

c 

j- 

u 

c 

U 

M 

c 

u 

u 

c 

VJ 

u 

c 

U 

Wt 

c 

U 

V4 

c 

U 

c 

U 

u 

c 

Vj 

w* 

c 

W 

w* 

c 

V4 

w 

z 

o 

•H 

<u 

o 

•H 

<D 

o 

•H 

OJ 

o 

•H 

0) 

o 

•H 

ai 

o 

•H 

CU 

o 

•H 

<U 

o 

*w 

<U 

o 

*H 

0) 

o 

•H 

1) 

o 

<U 

o 

l-l 

NH 

u 

AJ 

NM 

M 

AJ 

UM 

M 

AJ 

NM 

i-l 

AJ 

NM 

Vj 

AJ 

u-i 

Vj 

AJ 

Uh 

AJ 

IM 

AJ 

NM 

k-t 

AJ 

4-( 

k-* 

AJ 

k4 

AJ 

UM 

H 

<u 

3 

Uh 

<u 

3 

NM 

<u 

3 

IM 

a> 

3 

NAJ 

a> 

3 

NW 

CU 

3 

NAh 

0) 

3 

VAJ 

CU 

3 

IAH 

<u 

3 

UJ 

cu 

3 

U-i 

CU 

3 

MM 

<u 

JO 

-a 

CO 

JO 

-o 

-O 

-o 

(TJ 

J0 

*3 

J3 

3 

CO 

J3 

3 

CO 

Xi 

3 

«0 

JO 

3 

CO 

JO 

3 

CO 

J3 

3 

co 

J3 

3 

CO 

JO 

•—  «^(Ncsjc\jocnn^*^'j>nintnvOvO\Of^Nfsnnc^'7^-<rrx 


1623.6 


APPENDIX  3.  INDIVIDUAL  URINE  VALUES  (continued) 


6*7 


w 

2 

4 

co 

CO 

O 

2 

• 

2 

« 

• 

HH 

co 

CM 

cO 

H 

*— « 

m 

O 

< 

-3- 

ON 

W 

a: 

CJ 

O  O  04  CO 

•  •  •  z 
sr  -j 
O  CO 
f->  — «  04 


W 


►J 

o 

> 


o  CO  o 
On  z  o 

O'  -3 


O  O  O  O  CO 

O  O  O  -3-  Z 

N  oi  CO  N 


o  -a-oooo 


fM 

H 


3 


CO 


o 


04  CO  O  LO  00  04  00  CO 
inZMMCOCClflZ 
04  — <  -3"  0-1  — <  — , 


z 

o 


CO 

os 

w 


3: 

cu 


X 

o 

M 

CO 

CO 

< 

H 

c 

CL, 


OmoOOO'-,3-TCO 

•  . . z 

on  04  co  -o  -3-  o 

co  in  cm  o-i  \o  — < 


Q 

o 

CO 


CJ-  CO  CO  ON  oo--, 

•  . . 

o  3  o  ui  <r  m 

—I  0-0333 


CO 

z 


a 

w 

X 

4—4 

U 

z 

z 

4-4 

II 

H 

a> 

a> 

CM 

vO 

H 

W 

CO 

CO 

CM 

W 

> 

4— 1 

4-t 

Q 

o 

T) 

<U 

4J 

0) 

w 

u 

oi  04  O  O  O  >0 

r-  r--  o>  o~  r»  W 

CN  04  CO  CO  CO 

V 

c 

•H 

M 

S 


o 

z 


00  04  00  04  00 

w  ci-iL4ci-imc)-i  o 

Z  -Haio-Ha4o-H04 

4-1  hl4L«C4U44hU  •« 

H  3Ligi3iLll3-H  04 

t3(UJ3T3<3013c3  •-i 

a. 

B 

m 

co 


“o 

CQ 

3 

co 


OOCOfflCOO-OO- 


o 

z 

II 

CO 

z 


